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Shimozuma, T., Kubo, S., Idei, H., Yoshimura, Y., 
Notake, T., Takeiri, Y, Ida, K., Ohyabu, N. 
Internal Transport Barriers with respect to electron 
thermal transport (eITB) were observed in the Large 
Helical Device, when the Electron Cyclotron resonance 
Heating (ECH) power was highly localized on the center 
of a plasma sustained by Neutral Beam Injection(NBI). 
The eITB is characterized by a high central electron 
temperature of 6 - 8 ke V with an extremely steep gra-
dient of as high as 55 keY 1m and a low electron thermal 
diffusivity within a normalized average radius P ~ 0.3 as 
well as by the existence of clear thresholds for the ECH 
power and plasma collisionality. 
The experiments were performed with a magnetic 
field strength of 2.854 T at the magnetic axis of 3.5 m. 
The plasmas were produced and heated by a counter 
NBI (120-150 keY, 4 MW). The obtained plasmas have 
electron and ion temperatures that are almost equiv-
alent with a value of 2 ke V. For these experiments the 
plasma density was kept at a low density level. The 82.7 
GHz and 84 GHz ECH beams with the ordinary mode 
polarization were perpendicularly injected and strongly 
focused near the magnetic axis at which the fundamental 
electron cyclotron resonance (ECR) was present. Fig. 1 
(a) shows typical electron temperature profiles for cen-
trally localized ECH with 282 kW and 177 kW injection 
powers. The arrangement of ECH beam injection is also 
shown in the inserted figure. For the low injection power 
of 177 kW, the electron temperature profile is almost flat 
with a rather low central temperature of about 2 ke V. 
When the input ECH power was increased to 282 kW, 
the temperature at the central part increased up to 6 
keY with extremely steep gradient. Obvious changes in 
the temperature gradient can be recognized in the neigh-
borhood of 3.2 m and 3.6 m, implying the existence of 
electron thermal transport barriers. 
The central electron temperature Teo is plotted 
as a function of ECH injection power in Fig. 1 (b). 
The formation of the transport barrier has an obvious 
ECH power threshold, which increases with the density. 
Changes in the barrier width that is defined in Fig. 1 
(a) are also shown in the figure. The width is found to 
be constant above the threshold power and independent 
of the ECH power and electron density in these ranges. 
Fig. 2 (a) shows the dependence of Teo on the po-
sition of the nominal focal point Pfoc. A negative Pfoc 
means that the focal point is placed on the high field 
side. The central electron temperature does not change 
8 
from Pfoc = 0 to -0.1, it degraded rapidly below Pfoc= 
-0.15, and finally the transport barrier disappeared at 
Pfoc= -0.25. In the Pfoc = -0.1 case, the absorbed 
power density profile of the ECH power, which is calcu-
lated by a ray tracing code, is depicted in the figure. It 
spreads out typically on the high field side with a width 
of about 0.05. The Te profiles are plotted versus P for 
Pfoc = -0.1, -0.2, and -0.25 in Fig. 2 (b). The foot 
point exists at Ipi ~ 0.3-0.4 and is independent of the 
location of the ECH deposition up to Pfoc '= -0.2. 
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Fig. 1: Typical electron temperature profile during eITB forma-
tion. (a) Te profile with ITB for 282 kW (closed triangles) and 
without ITB for 177 k W power injection (open circles). (b) The 
averaged temperature vs. injected ECH power. 
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Fig. 2: Behavior of electron temperature when P f oc is varied. (a) 
TeO is plotted for Pfoc which is the resonance position onto which 
ECH beams are focused. (b) Te profiles are plotted for different 
injection points. 
